ABSTRACT: Turtles are caught as bycatch in commercial fisheries in both inland and marine waters. Turtle mortality associated with bycatch is concerning, as life-history characteristics of turtles, including high juvenile mortality and delayed sexual maturity, make them particularly susceptible to population declines following small increases in adult mortality. In eastern Ontario, Canada, freshwater turtles are encountered as bycatch in an inland commercial fyke-net fishery. Although some temperate turtle species can tolerate prolonged submergence, their ability to withstand submergence decreases as water temperatures increase such that turtles may experience severe physiological disturbances and mortality following prolonged forced submergence. The purpose of our study was to evaluate the sublethal physiological consequences and related behavioural impairments associated with fyke-net capture for 3 species of freshwater turtles (eastern musk turtle Sternotherus odoratus, northern map turtle Graptemys geographica and painted turtle Chrysemys picta). Individuals that were entrapped for 3 h at elevated water temperatures (23 to 29°C) displayed considerably higher blood lactate and lower blood pH compared to freeliving individuals. This trend was consistent across species and sexes. Despite having the largest increase in blood lactate, musk turtles did not exhibit behavioural impairment from entrapment, whereas both map and painted turtles displayed low responsiveness to behavioural assessments following entrapment. Our results suggest that sub-lethal responses can be used to identify potential harm or fitness impacts even in the absence of immediate mortality. Assessment of behavioural impairments, which could compromise activity and potentially result in post-release mortality, is important for protected and at-risk species that exhibit high juvenile mortality and delayed sexual maturity.
INTRODUCTION
Bycatch, the capture of non-targeted species, frequently occurs in commercial fisheries (Crowder & Murawski 1998 , Hall et al. 2000 , Hall & Mainprize 2005 . Bycatch of marine species, especially turtles, has attracted considerable scientific and media attention (Lewison et al. 2004 , Wallace et al. 2010 . A variety of marine turtle bycatch reduction strategies have been developed and tested (UN FAO 2009) , including the turtle excluder device, which has prevented the accidental capture of turtles in the shrimp trawl fishery (Seidel & McVea 1982) . Despite being less well documented (Raby et al. 2011) , bycatch of freshwater turtles also occurs in a variety of inland fisheries (Barko et al. 2004 , Larocque et al. 2012a ). Turtles typically exhibit high juvenile mortality and delayed sexual maturity (Congdon et al. 1993) . Thus, slight increases in adult mortality, from sources such as bycatch, have the potential to cause population declines (Congdon et al. 1993 , Gibbons et al. 2000 . This is particularly concerning given the at-risk status of many marine and freshwater turtles (Burke et al. 2000) .
Interactions with fishing gear can cause stress and injuries that alter the health, condition, behaviour, and potentially the survival of animals, something well studied in fish (e.g. Chopin & Arimoto 1995 , Davis 2002 ). These interactions have been comparatively poorly studied (aside from immediate mortality) in other taxa such as mammals, birds and reptiles, including marine turtles. Air-breathing organisms are at particular risk of bycatch-related stress and mortality as a result of entrapment and entanglement in fishing gear that impedes their ability to reach the water surface and respire. The capacity to withstand the effects of submergence will dictate the likelihood of mortality for a given species following capture in commercial fishing nets. Many freshwater turtle species can spend extended periods submerged. Some species, such as painted turtles Chrysemys picta, are able to remain submerged with little to no oxygen for extensive periods during hibernation (Belkin 1963 , Gatten 1981 , Milton & Prentice 2007 . In addition to reduced metabolic rate during submergence, painted turtles rely on anaerobic metabolism to further reduce oxygen requirements (Jackson 2000a) . The mechanisms and ability to withstand low oxygen for prolonged periods is species-specific (Reese et al. 2001) . For instance, some species have a better ability to sequester CO 2 : painted turtles appear to be among the most proficient species and are able to tolerate extensive periods in true anoxic conditions by using carbonate from their shells to buffer blood acidosis (Ultsch 1989 , Ultsch & Jackson 1995 , Jackson 2000a . Another mechanism frequently used by some turtles to acquire oxygen is the use of extrapulmonary gas exchange (e.g. eastern musk turtle Sternotherus odoratus: Ultsch et al. 1984 , Ultsch & Cochran 1994 . Individuals use their highly vascularized skin lining the cloaca and buccopharynx cavity to obtain oxygen from water (Feder & Burggren 1985 , Ultsch 1988 , Stone et al. 1992 . Collectively, these mechanisms all contribute to a turtle's ability to withstand submergence associated with incidental capture.
For freshwater turtles, prolonged entrapment within nets is most likely stressful, particularly when water is elevated (Fratto et al. 2008 , Larocque et al. 2012b . Elevated water temperatures and ensuing increased metabolic rates reduce the length of time a turtle can cope with submergence (Musacchia 1959 , Herbert & Jackson 1985 , Ultsch 1989 ). In addition, as water temperatures increase, dissolved oxygen levels decrease, thus limiting the available oxygen for uptake, resulting in rapid lactate accumulation even for species capable of extrapulmonary gas exchange (Frankel et al. 1966 , Dejours 1994 . Finally, entrapment exposes turtles to a variety of additional stressors, in particular the exertion associated with trying to escape from nets and interactions with other species, both target and bycatch, in a confined area.
The objective of our study was to assess the sublethal consequences of fyke-net entrapment on 3 species of freshwater turtles. In particular, we evaluated blood lactate and pH, as well as behavioural responsiveness following experimental entrapment. We also evaluated whether male and female painted turtles differed in their physiological and behavioural responses to entrapment. We focused on freshwater turtles that are incidentally captured in a small-scale commercial fyke-net fishery in eastern Ontario, Canada (Carrière et al. 2009 , Larocque et al. 2012a . Upon capture, fishers are required to discard turtles (whether alive or dead) along with other bycatch (e.g. gamefish) as soon as possible after landing. Commercial fishing in that region occurs on inland lakes and rivers, with sunfish Lepomis spp. being the primary targeted species, in addition to bullhead Ameiurus spp., yellow perch Perca flavescens, black crappie Pomoxis nigromaculatus and rock bass Ambloplites rupestris (Burns 2007 , Larocque et al. 2012a . The habitats of freshwater turtles and targeted commercial fish overlap, thus increasing the possibility of turtle entrapment (Carrière et al. 2009 , Larocque et al. 2012a . Presently, the Committee on the Status of Endangered Wildlife in Canada lists 7 of the 8 turtle species present in Ontario as species at risk. Of these 7 at-risk species, 2 are most likely to interact with commercial fishing gear and hence were the focus of our study: the eastern musk turtle and the northern map turtle Graptemys geographica are both recognized as special concern. In addition, the non-threatened painted turtle was used as a model, as it is the most commonly captured species in this fishery.
MATERIALS AND METHODS

Study area
We conducted the study on Lake Opinicon ( ).
Fyke nets
We used fyke nets similar to those used in the local commercial fishery to collect turtles following the methods outlined by Larocque et al. (2012a) . Nets were fished in pairs and were attached by leads (see Fig. 1 in Larocque et al. 2012a) . Each net contained 7 steel hoops, which were 0.5 m apart and 0.9 m in diameter, with 2 throats located in the second and fourth hoop. Two wings and a lead were attached vertically to the mouth of each net. Wings were 4.6 m long by 0.9 m high, while each lead was 10.7 m long by 0.9 m high. All gear was fabricated with 2.54 cm square, 5.08 cm stretch, nylon mesh.
Experimental procedure
We used 73 turtles of 3 different species for both treatment and control groups (Table 1) . To assess sex-specific differences, we used only painted turtles despite an approximately equal sex capture ratio of 1:1 in the other species to minimize any potential sub-lethal effects on females. This was a condition of our Scientific Collection Permit and Species-at-Risk Permit from the Ontario Ministry of Natural Resources. We used 2 groups to determine the physiological effects and behavioural impairments associated with entrapment in fyke nets: a treatment group in which turtles were submerged in a fyke net for 3 h, and a control group of free-living turtles. This submergence time was chosen to provide sufficient time for blood physiology to respond to capture stress while avoiding immediate mortality (Larocque et al. 2012b) . It should be noted that our treatment length of 3 h is not representative of typical entrapment length within the commercial fishery in Ontario, as fishers are required to check their nets every 2 to 7 d, depending on the season. Our estimates of physiological disturbance are therefore very conservative.
Control turtles were 'free-living' individuals which were caught via dip-net or snorkeling and sampled immediately (within 3 min of capture) to obtain baseline blood physiology values and behaviour tests and were transported back to the laboratory for morphometric measurements. Turtles were held outdoors iñ 700 l fibreglass tanks at ambient temperatures until they could be returned to their capture location. Tanks were supplied with lake water using a flowthrough system, and turtles were not fed, but were provided with basking platforms and exposed to ambient sunlight.
Treatment individuals were collected initially by fyke nets equipped with floats, which were checked daily, and captured turtles were transported back to the lab to obtain morphometric measurements. Turtles were held in outdoor ~700 l fibreglass tanks at ambient temperature for a minimum of 48 h before experimental trials to eliminate any potential effects of initial capture stress. After a minimum of 48 h, individuals were subjected to simulated entrapment for 3 h using a fyke net that was modified to prevent escape or entry. The net was completely submerged in the lake in approximately 1.5 m of water which ranged from 23 to 29°C over the course of this experiment.
Blood physiology
All blood samples were taken within 3 min of capture or removal from the net. Approximately 0.5 ml of blood was taken from the caudal vasculature on the dorsal portion of the tail using a 1 ml Tuberculin slip tip Table 1 . Sternotherus odoratus, Graptemys geographica, and Chrysemys picta. Sample sizes, carapace length (CL), and mass of 3 turtle species used to assess the sub-lethal consequences of entrapment in commercial fishing nets in Lake Opinicon, Ontario, Canada with a sodium-heparinized (10 000 USP units ml −1 ; Sandoz) coated syringe with a 25 gauge, 38 mm needle for painted and map turtles (Becton Dickinson). Smaller 28.5 gauge needles and syringes were used for musk turtles (Becton Dickinson). Blood lactate was measured immediately after collection using a Lactate Pro TM meter (Arkray) that was previously validated with teleost fish (Brown et al. 2008) . Remaining blood was transported back to the field laboratory in the syringe on ice in a cooler. Blood pH was measured using a field physiology meter within 2 h of collection with a 3-point calibrated minilab IQ128 Elite pH meter (IQ Scientific Instruments) at ambient temperature.
Behavioural assessments
Both experimental and control groups were tested for behavioural responses. Involuntary response to a variety of stimuli such as touch, gravity and sound can be helpful in predicting mortality. These assessments to predict mortality have been used on a variety of vertebrates (Davis 2007 (Davis , 2010 , including freshwater turtles (LeDain et al. in press). We used 6 behavioural tests, similar to the ones employed by LeDain et al. (in press ) that included escape ability, righting ability (both on land and in water), response to startles (audible/pressure and visual), and tactile stimuli to the head, limbs and tail (Table 2) The ability of turtles to complete these tests can serve as indicators of their condition. We combined tactile stimuli into a single response, as there was no variation between the reactions to head and limb/tail stimuli. If the individual responded to the stimulus, the behaviour was scored as present; lack of reaction indicated an absent response. Each behaviour was scored as present (1) or absent (0) and converted into a behaviour impairment index (BII) which is an overall score of impairment for each individual based on the number of tests performed where BII = 1 − (sum of individual test scores/total possible score of 6). The BII ranges from 0, which indicates that the individual was not impaired, to a maximum score of 1, which indicates that the turtle was completely impaired.
Statistical analyses
We compared blood lactate and pH levels of control and treatment groups among male turtles of the 3 species. Blood lactate and pH residuals did not violate the assumptions of normality and homogeneity of variance; therefore we used a 2-way ANOVA to test the effect of species and group on blood lactate and pH. To assess whether control and experimental groups differed within a species, we used follow-up 2-sample t-tests that assumed unequal variance. We also evaluated physiological differences between males and females in painted turtles from control and treatment groups. Both blood lactate and pH residuals did not violate the assumptions of normality and homogeneity of variance, so we used a 2-way ANOVA to test the effect of species and group on BII. 16 
Behavioural test Description
Escape Turtles were held posteriorly and completely submerged for 10 s; if any attempt to escape (moving limbs, moving neck/head) was observed, the behaviour was scored as present.
Righting (in water) Turtles were placed on the their carapace, while being held underwater in a tub; if successfully able to right themselves or if any attempts were made (limb or head movement), the behaviour was scored as present.
Righting (on land) Turtles were placed on their carapace, on land, and left for 10 s; if successfully able to right themselves or any attempts (limb or head movement) were made, the behaviour was scored as present.
Audible threat Turtles were placed in a 14 gallon (~53 l) plastic tub, and were not held. The sides of the tub were gently tapped; if any signs of threat were evident (retraction of head, abrupt change in direction), the behaviour was scored as present.
Visual threat Turtles were placed in a 14 gallon (~53 l) plastic tub, and were not held. A hand was waved within 10 cm of their face; if any attempt to retract the head was observed, the behaviour was scored as present.
Tactile stimuli Turtles were held posteriorly and their tail, a limb and their head were gently pinched; if any attempt to retract the limb/head/tail was observed, the behaviour was scored as present. LeDain et al. (in press) , that were performed on 3 species of turtles and used to assess the sub-lethal consequences of entrapment in commercial fishing nets in Lake Opinicon, Ontario, Canada
Behavioural data were also analysed using a 2-way ANOVA since BII score residuals did not violate the assumptions of normality and homogeneity of variance. We again used follow-up 2-sample t-tests that assumed unequal variance to assess whether control and experimental groups differed within each species. All statistical tests were performed using JMP (Version 9.0.1, SAS Institute). Significance was accepted at α < 0.05.
RESULTS
Of the 73 individuals sampled, all were able to complete the trial, and no turtles died. Our test of the physiological effects of entrapment in males of 3 species revealed a significant interaction between species and experimental group for blood lactate (partial R 2 = 0.02, F 2, 48 = 14.19, p < 0.001) and marginally significant for blood pH (partial R 2 = 0.01, F 2, 48 = 3.18, p = 0.051). These interactions indicate that the effect of treatment on blood lactate and pH differed by species. Post hoc 2-sample t-tests revealed that blood lactate was significantly higher in treatment than in control groups in all 3 species: map turtles (t 17 = 18.82, p < 0.001), musk turtles (t 9 = 20.81, p < 0.001) and painted turtles (t 11 = 16.39, p < 0.001; Fig. 1 ). Accordingly, blood pH was also lower in treatment groups than in control groups in all 3 species: map turtles (t 13 = 9.684, p < 0.001), musk turtles (t 16 = 17.313, p < 0.001) and painted turtles (t 8 = 10.82, p < 0.001; Fig. 1 ). Significant interactions resulted from musk and painted turtles having marked increases in blood lactate and decreases in pH between control and treatment groups, while map turtles exhibited less dramatic differences (Fig. 1) .
We investigated behavioural impairment associated with entrapment in males of 3 species. There was a significant interaction between species and experimental group for the behavioural scores (partial R 2 = 0.16, F 2, 48 = 14.07, p < 0.001), indicating that the 3 species were not impaired to the same extent. Post hoc 2-sample t-tests revealed that the BII scores were significantly different between control and treatment groups for map turtles (t 9 = 6.8206, p < 0.001) and painted turtles (t 12 = 4.8179, p < 0.001), but there was no significant difference in musk turtles (t 9 = 1, p = 0.3434; Fig. 2 ).
When we investigated sex differences in physiological responses to entrapment in painted turtles, there were no significant sex by group interactions for blood lactate (partial R 2 < 0.001, F 1, 31 = 0.05, p = 0.83) or blood pH (partial R 2 = 0.01, F 1, 31 = 3.76, p = 0.062). In addition, there was no significant difference between males and females in blood lactate (partial R 2 < 0.001, F 1, 31 = 0.09, p = 0.77) or blood pH (partial R 2 < 0.001 F 1, 31 = 0.07, p = 0.79, Fig. 1 ). There was a significant difference between painted turtle control and submerged groups when comparing both sexes in both blood lactate (partial R 2 = 0.94, F 1, 31 = 809.95, p < 0.001) and blood pH (partial R 2 = 0.91, F 1, 31 = 336.37, p < 0.001; Fig. 1) .
BII scores between male and female painted turtles also lacked a sex by group interaction (partial R 2 < 0.001, F 1.31 = 0.014, p = 0.906). In addition, there was no significant difference between males and females (partial R 2 < 0.001, F 1, 31 = 0.027, p = 0.871; Fig. 2 ). There was a significant difference between painted turtle control and submerged group behaviour scores (partial R 2 = 0.57, F 1, 31 = 43.18, p < 0.0001; Fig. 2 ).
DISCUSSION
Our main objective was to determine the sub-lethal consequences of fyke-net entrapment on 3 species of freshwater turtles. It was evident that simulated incidental capture causes significant changes to blood physiology compared to free-living individuals in all 3 species. Although the literature lacks baseline blood physiology values for musk and map turtles at temperatures similar to our study, all 3 species displayed control values similar to baseline blood lactate (~1.5 mmol l −1 ) and pH (~7.8) found in painted turtles at similar temperatures to our study (~22°C; Keiver et al. 1992a ,b, Warren & Jackson 2004 ). Blood lactate and pH trends associated with submergence were similar to trends found by Larocque et al. (2012b) where research focused on painted turtles submerged for 4 h. Clearly, treatment turtles in our experiment experienced stress related to prolonged forced submergence. Submergence of painted turtles for 12 h in small cages that prevented extensive movements also resulted in similar blood lactate and pH values to those we found (LeDain et al. in press) . Entrapment in nets has the potential to cause exhaustion more rapidly in turtles as a result of the ability to move within the net and the active attempts to escape (Larocque et al. 2012b) . All 3 species displayed a decline of 0.7 or greater in blood pH between control and treatment groups (Fig. 1) . Decline in blood pH of approximately 1 unit can be lethal for the freshwater turtles assessed in this study (Ultsch et al. 1984) . In addition, despite the relatively short entrapment period of only 3 h, lactate values of en-trapped turtles were similar to those found in hibernating painted turtles after 100 to 150 d (approximately 20 to 25 mmol l −1 , Reese et al. 2004 ) at 3°C. Additionally, increased rate and intensity of movement in the net as a result of increased temperature would result in an increased rate of oxygen consumption, thereby increasing acidosis (Robin et al. 1964 , Jackson & Silverblatt 1974 , Herbert & Jackson 1985 . These findings agree with previous research suggesting that water temperature, regardless of the oxygen content, can limit duration of survival (Ultsch 1989) . Similar studies have assessed the physiological effects of various types of fishing gear, such as trawl nets (Stabenau et al. 1991 , Harms et al. 2003 and gillnets (Snoddy et al. 2009 ) on blood physiology of marine turtles and have shown similar effects of entrapment on blood physiology as our study.
Fyke-net entrapment and associated submergence led to species-specific physiological responses, pointing to the potential danger of using a single model
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M u s k (T r e a t m e n t ) P a in t e d (C o n t r o l) P a in t e d (T r e a t m e n t ) F e m a le (C o n t r o l) F e m a le (T r e a t m e n t ) species as a surrogate for the various species potentially captured as bycatch (Fig. 1) . Painted turtles exhibited a physiological response typical of a nonbimodally breathing turtle which relies on extreme anoxia tolerance. Denial of oxygen stimulates a physiological switch to anaerobic metabolism, which is characterized by the accumulation of blood lactate and decline in blood pH (Jackson 2000b) . Despite having the ability to tolerate true anoxia in cold water, when submerged in elevated normoxic conditions (such as in this study), painted turtles were unable to acquire sufficient oxygen through secondary gas exchange mechanisms to remain aerobic (Ultsch & Jackson 1982 , Jackson et al. 2000 , Reese et al. 2001 as indicated in our study by elevated blood lactate and reduced blood pH. Therefore, painted turtles must metabolize energy anaerobically, resulting in blood acidosis (Ultsch & Jackson 1982 , Ultsch et al. 1999 , Jackson et al. 2000 , Reese et al. 2001 . Another mechanism of tolerating submergence is the use of gas exchange via extrapulmonary oxygen uptake or bimodal respiration, which is typified by musk and map turtles (Ultsch et al. 1984 , Reese et al. 2001 . Both species are known to be generally intolerant of prolonged submergence in anoxic conditions, but can survive extended periods of submergence in normoxic conditions during hibernation by remaining aerobic while accumulating relatively little blood lactate (Reese et al. 2001 (Reese et al. , 2003 . Despite their tolerance of submergence in normoxic conditions, lactate accumulation in both species was relatively high in our study. We observed turtles swimming within the net and actively searching for exits. Increased activity, exacerbated by the elevated temperature, could be contributing to increased blood lactate and declines in pH (Dejours 1994) . Gatten (1984) compared free-diving and forcibly submerged loggerhead musk turtles Sternotherus minor and found that involuntary submergence led to altered physiology and behaviour, including the accumulation of lactate. Stress associated with forced submergence may to some extent inhibit turtles from buffering acidosis, therefore altering associated blood physiology. Furthermore, behavioural tests support our contention that the responses to simulated capture are species-specific. BII scores for submerged individuals were significantly lower than those for controls in painted and map turtles (Fig. 2) . This indicates that physiological stress associated with submergence is manifested in behavioural impairments, such as righting ability (Fig. 3) . Map turtles had the smallest percent increase in lactate and decrease in pH, despite being the most behaviourally impaired spe-19 M a le (C o n t r o l) M a le (T r e a t m e n t ) F e m a le (C o n t r o l) F e m a le (T r e a t m e n t ) M a p ( C o n t r o l) M a p ( T r e a t m e n t ) P a in t e d ( C o n t r o l) P a in t e d ( T r e a t m e n t ) Table 2 ) of control and submerged individuals compared (A) in males among species and (B) between sexes of painted turtles. Scores range from 0 (individual was not impaired) to a maximum score of 1 (turtle was completely impaired). Median is reported along with the 25th and 75th percentiles. Bars represent the 10th and 90th percentiles, and any outliers (black dots) are shown. Significant differences (p < 0.05) between control and submerged individuals are represented by asterisks (#) cies. This is not unexpected, as map turtles are known for their poor ability to tolerate blood acidosis (Reese et al. 2001) . These results point to a speciesspecific sensitivity and some incongruence between blood physiology and behavioural indicators, again outlining the potential danger of relying on data from a single species to make management recommendations. Surprisingly, musk turtles did not have significantly different BII scores between control and treatment groups despite having significantly different blood physiology values. Out of the 6 reflex tests, the behaviour was present for all individuals from control and treatment groups for 5 of the tests (Fig. 3) . Their ability to obtain oxygen from normoxic water (Ultsch et al. 1984) could account for their behavioural responsiveness, although we would expect to see corresponding physiological results. While accumulation of lactate occurs rather quickly, studies have shown that it takes several hours for lactate to be metabolized (Bennett 1978 , Seymour 1982 . Quick accumulation and potential lag time in metabolizing lactate could account for incongruence between blood physiology and behavioural responses. In creased activity as a result of elevated temperature could result in increased lactate levels and decreased pH, but our behavioural results do not support this idea. Compared to fish, for which several examples are available of incongruence between physiological and reflex (including some behaviours) metrics associated with fisheries interactions (Davis et al. 2001 , Thompson et al. 2008 , no published examples exist that have evaluated both types of endpoints in freshwater turtles to determine whether our observations are unique. Sex appeared to have no influence on physiological or behavioural impairment following submergence in painted turtles, as similar responses were seen in males and females (Figs. 1 & 2 ). Significant differences were seen in blood lactate and pH as well as BII scores between control and submerged turtles in both sexes. Some studies investigating normal blood physiology profiles for various turtle species (e.g. Chelonia mydas, Podocnemis expanssa) have determined that males and females have similar physiological profiles at rest (Bolten & Bjorndal 1992 , Oliveira-Júnior et al. 2009 ). Alternatively, some studies have suggested significant differences in haematology between sexes, including New Guinea snapping turtles Elseya novaeguineae (Anderson et al. 1997) , bog turtles Clemmys muhlenbergii (Brenner et al. 2002) and Mediterranean pond turtles Mauremys leprosa (Hidalgo-Vila et al. 2007) . Because turtles are ectotherms, 'normal' values can vary as a result of many factors such as activity, temperature and seasonality. Other species should be investigated to determine whether this pattern is consistent (including across Table 2 ) for each species: (A) male northern map turtle, (B) male common musk turtle, (C) female painted turtle and (D) male painted turtle. Black (grey) bars represent control (submerged) individuals sexually dimorphic or imperiled species), as the use of surrogates is clearly not ideal. Although freshwater turtles are particularly adept at tolerating submergence, incidental capture causes significant species-specific changes in physiology and can lead to behavioural impairments. These changes in blood physiology were seen despite a submergence period much shorter than is typical in the commercial fishery in eastern Ontario. Despite lack of immediate mortality, some species exhibited behavioural impairments, which would compromise their activity and potentially result in post-release mortality, such as drowning. Additional non-lethal consequences associated with submergence are currently unknown, and should be the focus of future research. Our findings point to intrinsic differences in blood physiology and behaviour among species and reflect the need for management decisions to account for inter-specific variation. Painted turtles have previously been used as surrogates for at-risk species in the eastern Ontario fyke-net fishery (Larocque et al. 2012b) . Our study highlights the limitations of using a surrogate species to gauge the physiological response to incidental capture. The use of a conservative approach with safe and pre-determined endpoints allowed us to determine the effects of incidental capture on at-risk species. Although mortality is an ecologically relevant endpoint for studying the effects of bycatch in an experimental context, it is not ethically appropriate when studying at-risk animals (Putman 1995 , Minteer & Collins 2005 . Analysis of sub-lethal consequences, such as physiological disturbance and behavioural impairments, is becoming recognized as an important tool in conservation science (Wikelski & Cooke 2006 , Cooke et al. 2013a ). In particular, physiological (e.g. Davis 2002 , Cooke et al. 2013b ) and reflex (e.g. Davis 2010) endpoints serve as objective indicators of animal welfare in fisheries (Diggles et al. 2011 , Cooke et al. 2013b ) and can be used to inform conservation actions (Wikelski & Cooke 2006 , Seebacher & Franklin 2012 given their utility in defining cause and effect relationships and elucidating mechanisms of mortality (Cooke & O'Connor 2010 , Cooke et al. 2013a . By determining how species respond to forced submergence associated with incidental capture, we can assist managers in the development of successful and sustainable bycatch reduction strategies. Given that most endangered species legislations extend beyond mortality to include sublethal disturbances (e.g. 'harm' and 'harassment' are forbidden by the Canadian Species at Risk Act), efforts to document physiological and behavioural impairments could provide an objective means of evaluating consequences of different types of fisheries activities while also providing information on animal welfare (Diggles et al. 2011 
